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An ]nq>edanc6 feedback electro-surgical system (100) is nsefol with electro-surgical t(x>lfl (102) to maintain a imselected control range 
of dssne in^edance witinn die tissne in contact widi die tool (102). The system cooqnises an active ekctiode (108) a ss o cia f rd widi an 
electio-sttrgical tool (1 02)» a xetum electzode (1 12), in die form of a remote ground pad which is in ccmtact widi die patient, an imp rd anf ft 
momtcring device (116) and a power centred unit (120). E»agy soffident to afiEfcct tissue is delivered dirough die active electrode (108) 
to tissue and to die temm ekctiode. The inqpedance measuring device (116) detenmnes die impedance of the tissue based on die voltage 
differential between die active electrode (lOiS) and ground pad (112). A signal representative Of die measured impedance is ccmnnmicated 
to the power control ant (120) which wQusts die energy i^^ed to die ti^ 



FOU THE PURPOSES OF INFORMAUON ONLY 



Codes lued to identify Slates pivty to the jPCT 
i^ficatioos under the FCT. 



AT 


Anuria 


GB 




MR 




A0 




GB 


GMnto^***** 


MW 






B«Mm 


GN 




NB 


IBiar 






GR 




NL 


Ndbcftindi 


vr 




HO 




NO 




BO 




IE 




NZ 


NewZMlHd 


Bl 


BcbSb 


IT 




Ft 




BR 


BnzU 


jr 


hpm 


PT 


PhI&smI 


BY 


Bdifiii 


KB 


Keogrt 


RO 




CA 


Owada 


KG 




R0 




cr 


OBBiiri Afiktt BcprfAe 


KP 




SB 




06 


Ooiffo 




ofKom 


SB 




CH 


SwUmlud 


KR 


RepvbBeorKDRft 


SI 


Slrada 


a 




KZ 


Kuktutn 


SK 




CM 


ClHWOOft 


U 




SN 


SeocBal 


CN 


CUttt 


LK 




ID 




CS 




LU 




TO 




CZ 


CttdiRcpdUle 


LV 


LMi 


H 




BE 


OcnDioy 


MC 




TT 


•UbMmI sod Tobago 


BK 




MD 


Bf^iiMfllb of Bfoldova * 


HA 




fS 




BIG 




us 


UnlledSMeiofAiiM 


n 




ML 


MaB 


DZ 




IB 




MN 


MooBdla 


: VN 




GA 


Gabob 











W094/24949 PCr/CJS94/04fi32 

IMPEDANCX FEEDBACK ELECmOSURGIC^ 

Refermce to Related Applications 

5 This is a continuation-in-part of U.S. Patent Application Serial No. 055,827 filed on 

April 30, 1993, which is a continuadon-in-part of U.S. Serial No. 786,574 filed on 
November 1, 1991 (now U.S. Palent No, 5,207,691), and of U.S. Patent Application Serial 
No, 019,334 filed on February 18, 1993, whidi is a continuation of Serial No. 786,572 filed 
on November 1, 1991. 
10 . 
RacVground of the Invention 

The present invention relates to electrosurgical tools which are ad^ted to deliver 
electrosurgical energy to tissue. 

15 

Surgical procedures often require incisions to be made in human tissue. Such 
procedures typically require the plication of force to a surgical tool having one or more 
sharp, tissue^contacting edges, and usually create bleecUng at tiie site of the incision. The 
ease witii which the tool makes the incision and tiie prompt control or elimination of the 
20 bleeding thereby created is of paramount importance to the success and safety of the 
procedure. 

Currentiy known surgical cutting devices utilize different techniques to make 
incisions and to control or eliminate bleeding* Oxie known device is the Proximate Linear 

is Cutt^ avaUable fiom the Ethicon, Inc. of Cincinnati, Ohio, litis device is specifically 
adapted to make an incision in tissue or an organ such as the intestine. The device engages 
a portion of the tissue or organ between two tyne-like members. To effect cutdng, a blade 
mounted on one of the tynes travels along a predetermined path, thereby making a linear 
incision throu^ the tissue or organ. Surgical staples are deployed by the cutting device on 

30 either side of the incision, resulting in the separation of the organ into two segments, each 
of which is sealed adjacent to the incision by surgical staples. Despite the use of surgical 
staples and the precise cutting of tiie tissue, bleeding is not entirely eliminated and separate 
cauterization procedures must often be utilized to control or stop b^ 

35 Surgical devices also are known which utilize electrical current in the form of radio 

fiequency (RF) energy to incise iand to cauterize tissue to control bleeding. U.S. Patent No. 
4,651,734 discloses a surgical scalpel modified to include an electrode. This scalpel has the 
ability to cut tissue and, when properly positioned, to cauterize tissue following a cutting 
procedure. Such a surgical tool is useful but does not simultaneously cut and cauterize 
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tissue. The separate cauterization piiocejduxe wbich must be utilized is xelatively time 
consuming and may result in unnecessary bleeding. Moreover, such a scalpel is not well 
siuted to many surgical procedures such as the transection o^ 

5 Because of this, the tool must be carefully controlled during surgery to ensure fliat 

the correct amount of RF energy is applied to the target tissue. For example, if a surgical 
tool delivers RF energy through a cutting edge to tissue at a magnitiiude sufiBdrat to cut or 
cauterize tissue, tissue burns could result if fte cutting edge contacts flie tissue for too long 
a period. Similarly, if the cutting edge is moved too quickly through tissue, the optimal 

10 amount of energy may not be affiled to the tissue. Thus, if not used properly, currently 
knoiTm electrosurgical toob nmy not take full advantage of 

Accordmgly, an object of this invention is to provide an electrosurgical system 
which enables electrosurgical tools to conveniently and safely incise and/or penetrate 

15 human tissue with controlled and precise application of RF energy. It is another object of 
the invention to provide a surgical tool which has improved cutting capability and which 
decreases some of the ri^ associated witii surgery by mininiiring the amount of bleeding 
resulting fix^in incisions and tissue pehetmtion. Another object is to provide a surgical tool 
vMch is adapted to simultaneously cut and cauterize tissue. It is also an object to provide 

20 bipolar and/or monopolar electroisurgical systems that provide visual, audible, or tactile 
feedback to a user concerning tissue condition. Other objects of the invention will be 
apparent upon reading the disclosure whidi follows. 

Summary of the Invention 

The invention attains the aforementioned objects by providing a s:^em ^ch 
measures tissue impedance as a feedback parameter fix>m surgical tools, that Bpply 
electrosurgical energy to tissue during surgery. The system is useful with a variety of 
electrosurgical devices including cutting tools and surgical clip £q>plying devices. The 
30 system is particularly useful to provide bipolar and/or monopolar electrosurgical tools with 
feedback capability (e.g., visual, audible or tactile) which relates, in part, to the unpedance 
targeted within the tissue. 

In one aspect, an impedance feedback electrosurgical system constructed in 
35 accordance with the invendon includes an electrosurgical tool which is adiqyted to receive 
power fiom an electrosurgical power source and to deliver electrosurgical energy to tissue 
through an active, energy delivering electrode in contact with the tissue. A return or second 
electrode is abb attached to the tissue and is electrically insulated from the active electrode. 
Electrosurgical energy is thus communicated from the active, energy delivering electrode. 
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through the tissue, and to the 

Preferably, an impedance monitoring device; is m ci^^ 
electrodes to measure the impedance of the target tissue, which can be ascertain^ based 
5 upon the voltage and current of the ^lied energy. A power control module is also in 
circuit with, the impedance monitoring device to regulate the electrpsurgical energy 
delivered to die tissue through the active electrode by req)pnding to a signal represiaitative 
of tissue impedance derived by the impedance monitor/ The system is abte 
electrosurgical energy applied to the tissue by monitoring and controlling tissue impedance 

10 to within a preselected range. The operating range of ti&e electrosurgical system is 
preferably between about 20 to 1000 Ohms. This range can even extend to an upper limit 
of2000 ohms in some instances. The preselected control range of desired tissue impedance 
is a narrower range within this operating range. This preselected control range is selectable 
by a user of the system and will depend upon several Actors, sudi as electrode size and 

15 character, the electrosurgical tool being used, and tissue 

In otiber aspects, the impedance feedback electrosurgical syst^ has contrpl 
circuitry to enable one to select vdie control range within which an acceptable measured 
tissue impedance is maintained during surgery . One or more feedback or warning devices 
20 are preferably connected in circuit with the system to warn a user (e.g., by an audible 
alarm) that measured impedance is outside the preselected control range and to inform the 
user of the measured impedance. 

In yet another aspect, die impedance feedback electrosurgical system regulates the 
25 energy delivered to the tissue by varying the ^lied voltage and/or current of the 
electrosurgical power source. 

In still another aspect, the impedance feedback electrosurgical system controls the 
electrosurgical energy delivered through the delivery electrode to the tissue by an activation 
30 system. An operator can inhibit or transmit the electrosurgical energy delivered to the 
tissue by selectively operating the activation system, which operates much like an electrical 
switch. 

The advantages oftheclectosurgical system of the invention £0% several First and 
35 foremost, by maintainii^ a preselected control range of tissue impedance, electrosurgical 
energy is applied to the target tissue at desirable levels independent of the speed and 
operation of the tool as used by an operator or surgeon. Furthermore, when an 
electrosurgical tool is adapted to a system constructed in accordance with the invention, the 
system will inherently rhonitor the passage of the tool's active electrode through different 
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tissue types and certain tissue barriers. For escample, once the tool penetrates ^ 
abdominal wall, the current density at the active electrode will increase in the area >^ere 
the tissue contacts tiie electrode. As a result, the circuitry of the electrosurgical system 
will lower the applied electrosurgical energy to protect that tissue from receiving excessive 
5 or unwanted RF energy. 

The electrosurgical energy applied to an active electrode in accordance with tte 
invention also improves the mechanical cutting ability of tfie tool, and more importantly^ 
fiidlitates the cauterization and/or fusion of the tissue following the in^isioiL The 

10 s^lication of radio frequency energy, for example, to the tissue allows the simultaneous 
cutting and cauterization of the tissue with an effective consistency independent of a user's 
technique. Moreover, the use of electrosurgical energy to penetrate tissue can eliminate the 
need for a conventional, sharpened cutting blade. A conductive electrode can deliver 
sufiBcient levels of electrosurgical energy to tissue to effectively incise tissue. The 

IS electrosurgical energy also enhances other electrosurgical tools such as clip applying 
devices, 

A method for controlling the level of electrosurgical energy appHed to ^t^ 
electrosurgical tool is also provided by the present invention. Thus, in one aspect, a 

20 mettiod is provided for determining at least one of several properties of the system, such as 
(i) the time-rate derivative of the signal representative of impedance, (ii) the tinie-average 
of the voltage, (iii) the time-average of the current, (iv) the time-average of impedance, (v) 
current which exceeds a predetermined threshold, and (vi) voltage which exceeds a 
predetemuned threshold. Hiese properties are proceed, according to another aspect, to 

25 evaluate the electrosurgical effects withm Ihc tissue so that a logical indicator, e.g., a light, 
sound, or tactile source, can be activated to iiifoim or warn tfie user of the evaluate 

These and other aspects of the invention are evident in the desoiption which 
follows and in the accompanying drawings. 

30 

Brief Description of the Drawings 

FIGURE 1 schematically illustrates an impedance feedback electrosurgical sjrstem 
constnicted in aocbrdance ydtii the invention and in use with a^ 
35 an electrosurgical tool. 
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FIGURE 2 schematically illustrates an electrical dicuit which can be used to 
measure tissue impedance. 

HGURE 2A shows a gi^h iUustiating typical tissue im 
5 duradon of -applied electrosurgicaleneigy. 

FIGURE 3 schematically illustrates a surgical cutting tool employed in an 
impedance feedback qlectrosuigical system according to the invention, inchiding a siq>ply 
source of electrosuigical energy. 

10 

FIGURE 4 is an exploded side view of the electrosurgical cutting tool illustrated in 
. nGURE3. 

FIGURE 5 is a sectional view of the electrosurgical tools of FIGURE 4 at lines A- 

15 A. 

FIGURE 6 is a sectional view of die electrosuipcal tool of FIGURE 4 at lines B-B. 

FIGURE 7 is a sectional view of the electrosurgical tool of FIGURE 4 at lines B-B 
20 in an CTibddiment which does not include a surgical stifle cartridge. 

FIGURE 8 is a schematic view of an electrosurgical clip application device 
employed in an impedance feedbadc electrosurgical systmi according to die invention^ 

25 FIGURE9isaside,partiaUy cut-a-way viewoftiieelectrosurg^ 

device of FIGURE 8. 

FIGURE 10 is a schematic view showing a forward, clip deploying portion of a 
bipolar electrosurgical clip applicating device employed in an impedance feedbadc 
30 electrosurgical system according to the invention. 

FIGURES 11 A through IIC schematically illustrate die sequence in v^ch a 
surgical clip is applied usmjg the tool of FIGURE 8. 



35 



FIGURE 12 ^ows the electrosurgical system of FIGURE 1 v^ further features 
according to the invention. 
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FIGURE 12A illustrates a signal conditioning circuit constructed according to tbe 
invention and preferably for use with the electrosurgical system of FIGURE 12. 

Pgt^iM Ppscription of tihg Inv^on 

■5 

IIGURE 1 illustrates an impedance feedbadc electrosmgical system 100 
constructed according to fte invention. The syst^ 100 mcludes an electrosmgical tool 102 
connected in drcuit. to a power control module 104, shown illustratively with an RF 
generator 106 and source impedance 107. The tool 102 has an active electrode 108 which 

10 operates as a cutting edge and delivers electrosurgical energy to the tissue 109. The active 
electrode 108 is connected to one teraiinal of the RF generator 106 throu^ a power supply 
line 1 1 0. A retuni electrode 1 12, here shown as a ground pad, is connected to the tis^ 
and to another terminal of the electrosurgical supply 106 via a feedback line 114. An 
impedance monitor 116 - prefembly having a voltage monitor 117, a current monitor 118, 

15 and a programmable CPU 119 - connects in circuit with the electrodes 108 and 112 to 
determine tissue impedance and to generate a signal "z" representative of tissue impedance, 
which is conveyed to flie power control module 104 through a signal line 120. The power 
control module 104 regulates the electrosurgical energy generated fiom the RF generator 
106 such that die impedance signal "z" remains within a preselected ran^ 

20 

The system preferably includes an activation switch 1 22 which is operable by a user 
to selectively generate and control the flow of energy to the active electrode 108 arid 
through the tissue 109. 

75 In operation, force is applied to the tool 102, ^ically by way of a handle 123, to 

cause the active electrode 108 to contact the tissue 109 to make incisions and/or to effect 
cauterization. Electrosurgical energy applied through the tool 102 heats the cells in contact 
with the active electrode 108 to provide a clean incisioiL In the course of cutting,^ the 
electrosurgical energy applied through the tool 102 also cauterizes tissue to niinimize or 

30 eliminate any associated bleeding, ^thout the delivery of electrosurgical energy, e.g., RF 
energy, through active electrode 108, the surgical incision would be less effective as it 
would rely solely upon the mechanical sharpness of the cutting blade. 

Tlie effectiveness of die cutting and/or cauterization within the tissue 109 is 
'35 dependent, in part, upon the energy density at the active electrode 108. The effects of 
electrosurgical energy increase with increased energy density, which is defined as the 
amount of energy per imit area at the associated electrode. Because the active electrode 108 
has a relatively small area as compared to the return electrode 112, its energy density is 
relatively high, and thus its cauterization or cutting ability is also high. The return electrode 
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112, on the other band, has yeiy low energy dmsity at operational currents and fhus does 
not significantly affect the tissue 109. 

Regardless of the mergy density at either of the electrodes 108 and 112, the current 
5 flowing ^ugh tfie tissue and electrodes 1 08 and 112 is essentially equal. Where a voltage 
source electn>surgical generator is used, the current is indirectly proporti^ 

As noted, tissue impedance is maintained ivifhin a preselected control range. Upon 
delivery of electrosurgical energy to tissue 109 tiirougfa the active electrode 108, the current 

10 and voltage are measured by the current monitor 118 and voltage monitor 1 17, respectiyely. 
These values are used by the CPU 119 to determine impedance, \N*ich is the voltage 
divided by the current More particdarly, voltage is measured by the voltage monitor 
as a pot^tial difiference between the active electrode 108 and return electrode 1 12; and the 
current is measured dhectly through the tissue 109 by the current monitor 118. A signal 

15 representative of voltage is transmitted to the CPU 119 via signal line 124. Likewise, a 
signal representative of current is transmitted to the CPU via the signal line 126. Once 
voltage and current are known at the CPU 1 19, impedance is determinable within the tissue 
109 and the signal "z*' is transmitted to the power control module 104. If necessary, the 
power control module 104 adjusts its output power to maintain **z" withiri a preselected 

20 range. 

The output energy of the power module 104 is adjusted automatically and as 
necessary during operation of the tool 102 to maintain tissue impedance within a 
preselected control range. For example, when the tool 102 first contacts the tissue, very 

25 Ihtie area of the electrode 108 is in contact with the tissue, and thus the a 

tissue 109 is low. As more tissue comes into contact witii the active electrode 108, the 
current through the tissue 1 09 increases. During this transition, the impedance monitor 116 
measures the impedance and conveys a signal "z" representative of the measured 
impedance to the control module 104, which in turn makes any necessary increase or 

30 decrease in the electrosurgical energy conveyed to the active electrode 108 to mflintain 
tissue impedance within a desired range. Preferably, this electrosurgical energy is in the 
radio fiequency range, and the operating range for monopolar operation is between about 
, 20 and 2000 Ohms, and typically a smaller range (e.g., up to about 500 ohms) for bipolar 
electrosurgical operatioa 

35 

Those skilled in the art should recognize that other devices inay replace the CPU 
119 of FIGURE 1. For example, discrete logic, programmable EPLDs, look-up tables, 
EPROMs, and analog processing means may be substituted for the CPU 119 to provide 
substantially similar operation. 
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FIGURE 2 illustrates baisic ciicmtry for measuring tissue impedance according to . 
the invention and in a manner that is similar to Hit operation of the impedance monitor 116 
of FIGURE 1 . In particular, RGURE 2 shows a dnniit 140 
5 impedahce/The cncuit 140 is illustrative and can be altered in any number of ways to 
function equivalently. Cucuit .140 includes an RF generator 106 in circuit with voltage 
sensor 142, current sensor 144, and electrodes 146 and 148. The voltage and current 
sensors 142 and 144 are re|iresentative of the voltage and current monitors 117 and 118, 
respectively, of FIGURE 1. One of ordinary skill in the art will readily understand that 

10 sensors 142 and 144 can be configured^ for example, as (i) transformers or (ii) amplifiers 
with sensing elements, e.g., resistors. Likewise, the electrodes 146 and 148 are 
representative of the FIGURE 1 active and return electrodes 108 and 1 12^ respectively. The 
voltage sjsnsor 142 measures the voltage differential between locations ISO and 152, and 
the current sensor 144 measures the RF generator current !. FIGURE 2 also shows three 

15 representative currents, i, i^, and i2,/^ere the current i is the current at a location 
immediately after the generator 106, and the currents i| and 12 are currents at the respective, 
localities afiier the split at locatiooi ISO. 

The resistance associated with tiie voltage sensor 142 is relatively high; Le., less 
20 than about 10% of the current for the entire circuit 140, as compared to the rest of the 
circuit 140 and thus the current i is approximately equal to the current i|, \duch can be 
measured. 

Therefore, provided there is ample wire size, e.g., 22 gauge or larger stranded wire, 
25 the voltage differratial between localities 1 SO and 1 52 is the same as the voltage across the 
electrodes 146 and 148. Since the current i is known by measuring the current i], the ; 
resistance between the electrodes 146 and 148 is also determinable. This resistance would 
be representative of the tissue impedance as described with respect to FIGURE 1. The 
impedance monitor 116 of FIGURE 1 divides the measured voltage by the measured 
30 current to determine tissue impedance. A tissue impedance signal '*z** is then genemted and 
transmitted to the power control module of FIGURE 1 (not shown in FIGURE 2) to 
regulate the sqsplied electrosurgical energy, thereby changing the voltage measured at the 
voltage sensor 142 and the current measured by tihie currrat sensor 144. In this fashion, the 
measured tissue impedance can be monitored and controlled to within a preselected range. 

35 

The measurement of tissue impedance, e.g., corresponding to the resistance 
measurable in the circuit 140 of FIGURE 2, is readily understood by one of ordinary skill 
in the art. When the current through the tissue decreases for a given applied voltage, the 
tissue impedance increases and is readily measured by the impedance monitor : 1 16, shown 
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in FIGURE 1 . Tissue cells are inost efifectively heated and cautmzed by RF energy vrhsn 
the inq>edance is kqpt to within a preferred electrosurgical range, such as a tissue 
impedance range within tfie system's operating range of about 20 to 2000 Ohms. By 
increasing or decreasing the amount of electrosurgical energy applied to the tiissue through 
5 flie active electrode, tissue impedance is inaintained widiin a preselected control range and 
the active electrode incises , and cauterizes tissue most effectively with less chance of 
burning tissue. The tissue impedance is a fiu^torofdiesu&ce area of the electrodes 
distance between electrodes as weU as the conductivity of the tissue and ft^ 
tissue caused by heatii:^ ttie tissue cells. 

10 

The preselected control range of tissue impedance is understood to vary depending 
upon a number of furtors, including the type of tissue subject to elects 
the electrodes, and the design and type of &e electrosurgiical tool being used. This 
preselected control range is generally at a portion of an impedance versus time curve 

15 shortly afi^ inq[)edance begins to rise rapidly, as described below witii respect to FIGURE 
2A. Absolute impedance values of the preselected control range will vary based oh the 
&ctors noted above, but this {deferred range generally corresfponds to tfie point just before 
or just after applied electrosurgical energy causes individual tissue cells to burst One of 
ordinary skill in the art will appreciate that the preselected control range of tissue 

20 impedance can be predetermined and programmed by the operator of the system, or it can 
be pre-programmed in a CPU, such as CPU 1 19 of FIGURE 1, based upon the tissue type 
undergoing electrosurgery and characteristics of the electrosurgical tool. 

FIGURE 2A shows a gr^h 160 which includes typical data correlating tissue 
25 coagulation to impedance and duration of ^lied electrosurgical energy. The vertical axils 
162 represents impedance V, while the horizontal axis 164 represoits time '*t'*, i.e., ihe 
duration of contact be]hveen the active electn>de and die target tissue. 

The following description of FIGURE 2 A refers to temperature values, within tissue 
30 or tissue cells that are typically encountered at different points on the gr^h shown in 
FIGURE 2Ai It is understood that these temperature values are difficult to ascertain and 
they should be regarded as estimates. These estimated temperature values may be higher or 
lower than actual temperature values. 

35 Positbn 166 represents the initial contact and current flow from the electrosurgical 

tool through the tissue to the grand pad. By way of example, this initial contact can be 
represented by the contact of the tool 102 and the ground pad 1 12 with the tissue 109 as in 
FIGURE L Position 166 thiis has a representative tissue impedance Z], and a tissue 
temperature of approximately STX. 
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The region of position 168 represents a later time, t|, and a lower impedance 
Accordingly, position 168 illustrates lliat die impedance drops after applying 
electrosurgical energy to the tissue for a period of time t]. The temperature of the tissue at 
5 positioxi 168 is typically between ajqmximateiy forl^ five and seventy degrees centigrade. 

As time increases bqyond position 168» tissue temperature and impedance remain 
relatively constant but thereafter begin to rise ir^idly. The portion of the curve during 
which temperature and impedmce begm to rise is shown generally by ireference numeral 
10 170. 

Position 172 represents a location witbin the preferred preselected control range of 
tissue impedance. The tissue at position 172 is believed to be sgyproximately seventy 
degrees centigrade, and has a tissue impedance that is witfiin tfie s^tem'^ 

15 of 20^2000 ohms. Thus, the electrosurgical system of the invention,- such as die system 100 
shown in FIGURE 1, can operate to maintain tissue impedance at, slightly above, or 
slightly below the level corresponding to position 172 of FIGURE 2A. It is believed that 
the desired range of tissue impedance, which should be approximately the preselected 
control range of tissue impedance, can be either just before or just, after the point at which 

20 heating ofthe tissue causes individual tissue cells to burst 

At impedance values qifnoximately corresponding to position 174, flie intracellular 
fluid is vaporized. This condition is undesirable and ftie tissue impedance at this level is 
outside flie typical preselected coxitrol range of tissue impedance, At even greater 

25 impedance values, such as shown by position 176, the tissue temperature is q)pcoximately 
lOO^C and the tissue is essentially desiccated. When the tissue tempemture reaches 
approximately 200*'C, as illustrated by position 178, carbonization or tissue-charring 
occurs. The impedance value of charred tissue is quite high and is also beyond the 
preselected control range. 

30 ■ 

Thus, in the course of developmg Ae preferred operating realm to most effectively 
ciit and/or coagulate tissue, such as at position 172, the tissue impedance first decreases 
after tiie initial contact position 166. Thereafter, more energy is required to of&et tiie 
inoeased impedance and to reach position 172. Energy can be regulated upwardly and 

35 downwardly, as necessary, to maintain the impedance within the preselected control range . 
of tissue impedance, at impedance values represented by those corresponding to position 
172 or impedance values slightly above or below position 1 72. ;. . ; 
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It is understood that Ac graph 160 of nOUKE 
way of ex^ple only. Mindr variations in the shape of the curve may occur depending 
upon several £actors. Factors viliich may influence &e sh£^ and magnitude of the data 
include: the sia of die electrode as welt as the distah 
5 of tissue and in particular the influjcnce of heating dr the cellular maitter; the design of and 
materials ^ch form the tool; and the motion of the tool withm the tissue. In addition, the 
resfponsivity of the tool to graecator characteristics and electro 

also influence the overall shs^ of the curve and tiie magnitude of impedance values. 
Therefore, the invention can and may operate around a preselected control range of tissue 
10 impedance that tissue is somewhat above or below position 172, or which includes position 
172. 

FIGURES 3 through 7 illustrate an anbodiment of the invention in which an 
electrosurgical cutting tool 10 is used with the impedance feedback system of the. invention. 

15 Cutting tool 10 is a linear cutting tool comprising a housing 12 including a handle portiori 
14. Adjacent handle portion 14 is cutting template element 16 which ihdudes a first tyne 
18 and a second tyne 20. The two tynes 18, 20 of cutting tenq[>late element 16 are 
substantially parallel and define a tissue engaging space 22 into which is inserted the tissue 
or organ to be incised. In a preferred embodiment, the surgical tool 10 includes a lever 24 

20 which facilitates the movement of an active electrode, which may take the form of a cutting 
blade 34, aloiig a predetermined path. 

FIGURE 3 further illustrates an electrosurgical generator 26 which serves as an 
ensatgy source fiom wiiich electrical current, preferably in the radio firequmcy range, is 

25 communicated to tiie cutting tool 10 diroughu^ Insulated 
return wire 30 conimunicates to a ground pad (not shown), such as the retum electrode 1 12 
of FIGURE 1. A power switch 32, preferably in the form of a foot petal, may be used to 
break or close the generator 26 drcuitiy and thus inhibit or transmit the power siqpplied to 
the cutting tool 10. Alternatively, a power switch may be disposed on a portion of the 

30 cuttmgtoolsuchasthehousmg 12. 

The drcuit representmg the power generator 26, tiie active electrode (e.g., blade 34 
with edge 36), wure 28 and delivery wire 61, retum whe 30, power control module 26a, and 
impedance monitor 26b is electrically isolated to control the implication of surgical energy 
35 by the tool 10. The control module 26a can regulate the electrosurgical energy delivered to 
the cutting blade 34, according to the measured tissue impedance determined by the 
impedance monitor 26b, As noted, the impedance monitor generates a signal representative 
of tissue impedance by quantifying the current through, and voltage differential between, 
the blade 34 and groimd pad (not shown). Current firom thc^ source 26 travels through wire 
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28 and connector 63 and through wire 61» \^ch is electrically attached to ^e blade 34 by 
way of connector 5L Current then travels through the tissue and to the groimd pad (not 
shown) for return to the impedance monitor 26b by way of return wire 30. The tissue 
impedance signal is communicated to the control module 26a which in turn adjusts the 
5 applied electrosurgical energy to maintain a measured tissue impedance within a 
preselected range. Accordingly, electrosurgical power adjustments are made aiitoinatically 
to maintain a skin or tissue impedance to wifliin a safe and operable range, e.g./ at 
approximately the posid(m 172 of FIGURE 2A. 

10 In particular, for radio fiequency energy delivered by monopolar generators, fhe 

preferred operating range of the system is between 20 and 2000 Ohms. When operating 
within the preselected control range, which is within the 20 to 2000 Ohm range,, tissue 
incisions occur with effective cell heating, and further the tissue is cauterized, without 
buniing, to. prevent or mixiiinize bleeding and to promote healing. 

; 15 . 

Although the contol module 26a and impedarice monitor 26b are shb 
to the power generator 26, it should be qrpareni that their specific locatioh is irrelevant as 
long as they permit the simultaneous control and Tneasmement nf ti.ogiift impft^yiTirf^ during 
the operation of the tool 10. They can thus be easily located on the tool IQ. 

20 

Blade 34 of tool 10 preferably is retractable when not in use, and moved forward 
along a cutting path to effect cutting of tissue. 

The energy requirements of the electrosurgical tool of the present invention are 
25 ' dyiuunic and depend to a great extent upon the impedance values of tfie tissue encountered 
bytfaeactiveelectrode,e.g.,.blade 34, during cutting procedures. The impedance of tissue 
varies among tissue types and the amount of blood present in or around the tissue. The 
amount of current delivered by the tool to the tissue is a function of the impedance of the 
tissue. Generally, the amount of current delivered to tissue ranges between aboirt 0.5 and 
30 2.0 amps. The voltage applied to the tissue between the blade and the return electrode, e.g., 
ground pad, typically is between about 50 to 100 volts rms. These values are typical and 
are varied automatically to maintain a nearly constant impedance in the tissue during 
operation of the tool 10. 

35 . Surgical tool 10 is particularly well adapted for use in surgical procedures which . 

require transection of an organ such as the intestine. In operation, the tissue (e.g., intestine) 
is placed within space 22 defined by tynes 1 8 and 20. The blade is moved forward along 
the longitudinal axis x of tynes 18 and 20 by movement of lever 24. As the blade moves 
forward, it passes through the tissue causing it to be severed. Simultaneously, electrical 
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energy, e.g.y radio fiequency energy, >^ch be activated for example by foot switch 
32, is delivered to the tool and in particular to the blade 34. The electrosurgical current is 
communicated fiom the blade 34 to the tissue adjacent the blade and in the vicinity of the 
incision. Current should be delivered through the blade to the tissue during the entire 
5 cutting procedure. A ground pad attached to tiie tissue conununicates the energy back to 
tiie monitor 26a and 26b. . 

The qipUcation of dectrical energy in tiiis . manner is advantages Electrosurgical 
energy is delivered through the blade to adjacoit tissue to allov^ for more effective cutting 
10 . action, and to promote cauterization and/or tissue fusion which effectively eliminates all or 
substantially all bleeding which results Ccom the incision. The cauterization and/or fusion 
effect imparted to tissue minimizes blood loss and increases the safety of the surgical 
procedure as cauterization occurs at substantially the same time that the incision is made* 

IS In a iirefeired embodiment of the invention, the electrosurgical tool 10 also includes 

a st^le cartridge 38 which houses a supply of surgical staples to be supplied adjacent the 
incision* The stales may be deployed on one or both sides of the incision to assist in 
closing the incision and sealing the severed end of the o^an. The stq>les are deployed 
nearly simultaneously with the cutting action of the blade and the tissue fusion effect 

20 imparted by the electrical energy. 

One skiUed in the art will appreciated that a variety of materials are well suited for 
' the manu&cture of the electrosurgical tool 10 shown in FIGURES 2-6. For example, 
housing 12 and cartridge 38 may be made fix>m of coated with various non-conducting 
25 polymers. The conductive componoats of the tool may be made of various metals, . 
including surgical grade stainless steel and aluminum. 

Tool 10 is further described in copending U.S. patent application serial number 
019,334, filed February 18, 1993, which is a continuation of serial number 786,572, filed 
30 November 1, 1991, both of which are here1>y incorpomted by reference. 

HGURES 8 through 10 illustrate other electrdsutgical tools tii^ 
the impedance feedback system of the ihvmtion. FIGURES 8 and 9 illustrate an 
electrosurgical clip qpplicating device 210 comprising a handle portion 212 having a trigger 
35 mechanism 214. Adjacent the handle is an elongate member 216 which houses a supply of 
surgical clips (not shown) as well as an actuating mechanism, described below, \^ch- . 
assists in deploying the clips. The handle 212 also includes an electrical coimector port 21 8 
and insulated wire 220, which fimction to conmiunicate electrosurgical energy to the tool 
210 from generator 226. 
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An actimting mechamsm ackptable for use m 
The actuating mechanism preferably includes an actuating rod 221 which communicates 
with the trigger mechanism 214 through a catch 219 which mounts within groove 21 7 of 
5 trigger 214. Actuating rod 221 also communicates "witii paired clampmg jaws 222a, 222b, 
wUch extend fix)m a distal qid of barrel 216. the clamping jaws 222a, 222b are adq)ted to 
engage and deploy a surgical dip 224. Surgical clips can be deployed by activation of the 
trigger mechanism 214, causing actuating rod 221 to move backwards (toward tiie hiandle 
212) yfbale closing clamping jaws 222a, 222b together. When the clamping jaws 222a; 
10 222b are closed, the surgical clip 224 disposed between the jaws is clamped about a duct or 
vessel. Once a clip is deployed, a new clip may be positioned between clamping jaws 
222a, 222b either automatically or manually. 

An impedance and power control subsystem 227 fimctions like the combination of 
15 impedance monitor 116 and power control module 118 described in FIGURE 1. 
Accordingly,^ subsystem 227 measures the tissue impedance and regulates the pow^ 
applied to the tool 2 1 6 via the active wire 220 and return wire 220a, which connects to the 
return electrode (not shown) attached to the tissue, e.g., a ground pad. 

20 Although the subsystem 227 is illustrated as located with the genemtor 226, it is 

understood that its components and functions can easily be implemented at other locations, 
most readily with the tool 210. 

Electrosurgical generator 226, shown m FIGURE 8, communicates with clipping 
25 device 210 through conductive wiring 220 viiiich connects to the clipping device through 
duplex port 218. As shown in FIGURE 9, port 218 communicates with mtemally 
conductive wiring 225 which extends into the clipping device 21 0. Wire 225 is attached to 
a conductive portion of the activating mechanism which is in electrical conmiunication 
with surgical clip 224 to be deployed, thereby functioning as the active electrode. The 
30 embodiment illustrated in FIGURE 9 is configured such that the active wire 225 terminates 
in a connection point 228, \^ch is in electrical communication with the surgical clip 224. 

Preferably, the jaws 222a and 222b are non-conductive, as is the barrel 216. In this 
way, electrosurgical eniergy is efiBciently delivered to tissue and received by the return 
35 electrode, such as a ground pad (not shown), through connection with wire 220a, yMdi 
connects to the negative pole of the power generator 226. With this arrangement, the wires 
225, 220 and 220a form an isolated circuit with the generator 226, the impedance and 
power control subsystem 227, the return electrode attached to the tissue, the active 
electrode 224, and the tissue when the tool 210 is in operation. 
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In an alternative embodiment (not illustrated), the active wire 225 may attach to 
actuating rod 221 which is made i&om a conductive material and which is in electrical 
communication with clamping jaws 222a, 222b. The portions of the clipping device 210 
5 i^ch are in electrical opnununication with active ^mzc 225 (e.g., actuating rod 221 and/or 
clanqnng jaws 222a, 222b) preferably are electrically isolated jfirom the remainder of the 
tboL The return wire of this coi^guraticm is then c(»mected to a se^^ 
(not sbown) ananged in contact with the tissue during operation of the tool 210 and 
conmnnucates with the ni^ative pole ofthe generator 226. Upon activatihg the deli very of 
10 cuncnt to tool 210, for example by activating switch 230, current will be delivered through 
the wire 225 and communicated to the active electrode, i.e., the surgical clip 224, tiirough 
actuating rod 221 and/or clamping jaws 222a, 222b. The return electrode receives tiie 
electrosurgical energy transmitted through the tissue fiom the active electrode and 
electrically connects with the impedance and control subsystem 227 via return wire 220a, 
. 15 ■ -■ 

FIGURE 10 illustrates an aheniative clip flying tool which can be iised with tiie 
present inventioii. Reference nioneral 215 represents a forward portion of the barrel 216 
which is adapted to receive dual pairs of clamping jaws 240a, 240b and 242a, 242b: The 
clamping jaws 240a, 240b and 242a, 242b each communicate with their req)cctive 
20 actuating mechanisms (not shown). Surgical clips 244 and 246 are shown positioned 
within jaws 240a, 240b and 242a, 242b. 

Insulated wire 248 functions like the active wire 220 shown in FIGURE 8 and 
conmiunicates electrosurgical mergy &om generator 226 to clamping jaws 242a, 242b (or, 

25 alternatively, to the actuating mechanism associated witii clamping jaws 242a, 242b) and 
jaws 240a, 240b (or, alternatively, to the actuating mechanism associated with jaws 240a, 
240b). Upon activation of a trigger mechanism, jaws 240a, 240b and 242a, 242b close 
together to deploy clips 244 and 246. At tiie same time a control switch is activated to 
deliver electrical current to the jaws 240a, 240b, 242a and 242b (or actuating mechanisms 

30 jassociated with these jaws), and hence to clip 244 and 246, vAAch function togetiier as the 
active electrode. When the clip 244 and 246 contact tissue, current is conveyed to the 
tissue causing the tissue and clips to be fused together. The electrosurgical energy also 
promotes tissue*to-tissue fusion. The s^lied current is returned to generator 226 from the 
; ground pad (not ^own) and wire 252. 

35 

A generator, impedance monitor and power control module are collectively shown 
in FIGURE 10 as module 226 and operate in a maimer described above to supply 
electrosurgical energy to the clipping device 210. Virtually any generator able to provide 
electrosurgical energy for medical applications may be used with the present invention. 
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Preferably, tiie generator is a voltage determinative, low source impedance generator which 
provides radio firequency energy. Preferably, a suitable generator can si^ly up to two 
; amps of current and has a sowce impedance vahie of less than 10 ohms. Further details 
regarding the energy requirements of tool 210 are discussed above with respect to cutting 
5 tool lO^ve. . 

FIGURES 11 A, IIB and IIC illustrate the manner in v^ch surgical clips of 
FIGURES 8-10 are deployed. A vessel 232 to be ligated is disposed between clamping 
jaws 222a, 222b and surgical clip 224. Upon activating Hhe triggering mechanism, the 

10 clampii^ jaws move toge&er as shown in Figure 1 IB, causing surgical dip 224 to close 
iqx)n vessel 232. When the triggering action is completed the cHp 224 remains adhered to 
tilie vessel 232 as illustrated in FIGURE 1 IC. While the clip is applied over the vessel, 
electrosurgical energy is delivered through the clip 224, which functions as the active 
electrode. Current is maintained for a suitable period of time, usually 5 to IS seconds, to 

15 enable tissue-to-clip and tissue»to*tissue fusion to occur. A return electrode, e.g., a ground 
pad (not shown), communicates with the generator through a return wire to complete the 
circuit with the vessel 232. 

The activating mechanism of clip activator 210 preferably is made of a conductive 
20 material which has a relatively high tensile strength. Exemplary materials include surgical 
grade stainless steel and aluminum. Clamping jaws 222a, 222b likewise are made of a 
surgically compatible, conductive material suitable to enable current to be communicated 
through the clamping jaws 222a, 222b to clip 224. The surgical clips 224 used with the 
clipping device of the mvmtion may be with a variety of constructions and may be made of 
25 variety of conductive, surgically compatible materials, e.g., surgical grade titanium, vAdch 
are well known in the art As illustrated the surgical clip may be substantially U- or V- . 
shap^, but varioiis ofter shapes or constnictioiis are possible as welL 

The handle portion 212, trigger 214, and the barrel 216 are electrically isolated from 
30 the remainder of the device. Prefembly, these components are made of, or are coated with, 
non-conductive materials such as suitable polymers. 

The construction and q>m^tion of tool 210 is further described.in U.S. Patent No. 
5,207,691, issued May 4, 1993, viuch is hereby iiicorporated by reference. 

35 

FIGURE 12 shows an electrosurgical impedance feedback system 300 constructed 
according to the invention which is similar to system 100 of FIGURE 1, but which includes 
additional features and structure. Feedback system 300 like system 100 shown in FIGURE 
1, is shown in contact with tissue 109 and includes RF generator 106, source impedance 
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1 07, power control module 1 04, electrosurgical tool 1 02, voltage and current monitors 1 17 
and 11 8, return electrode 1 12, and feedback line 114. The tool 102 has active electrode 108 
and is connected to the module 104 via power supply Ime 1 10. 

5 Feedback system 300 differs fironi system 100 m that it has a signal conditioning 

module 302, impedance detCTodnation module 304, comparator limit module 306, enable 
derivative module 308, switch module 310, and derivative module 312. These modules 
operate as follows: 

10 The signal conditioning module 302 conditions voltage and current as received, 

respectively, firom the voltage monitor 117 and current monitor 1 1 8 via signal lines 124 and 
126. Typically, the signal conditioning module "smoothes" or averages the data fiom the 
monitors 117 and 118 by methods known to those skilled in the art, e.g,, root-rnean square • 
(RMS) techniques, to accurately represent the voltages and currents within the tissue 109. 

15 One commonly available integrated circuit which can be used as the module 302 is the 
LTt088 RMS-dc converter available fiom Lmear Technology of Milpites, Califomia 

RMS can characterize the heating value of the applied electrosurgical energy 
waveform, thereby averaging the energy delivery to the tissue over a particular and selected 
20 time interval. In a preferred embodiment of the invention, this time-averaging is between 
^^proximately JBve and twenty milliseconds. 

The impedance determination module 304 communicates wi& a signal conditioning 
module 302 via cuirent signal line 126* and voltage signal line 124'. Ibe respective current 

25 and voltage signals transmitted to the impedance determination module 304 are thus 
conditioned or averaged versions of the current and voltage signals transmitted to the signal 
conditioning module 302 on the lines 126 and 124. The impedance determination module 
304 provides a signal "z" which is proportional to the voltage signal divided by the current 
signal. One commonly available integrated circuit ^ch can be used as the module 304 is 

30 the DfVlOO Analog Divider available fix)mBuiT-BrownCoiporation of Tucson, Arizo^ 

Thedet»ininationof''z" is preferably averaged over time. For example, z may be 
calculated by dividing V^AS (fi^ time-averaged voltage sagnal) by (the time- 
averaged current signal). 

35 

The comparator limit module 306 selectively generates an enable signal which 
commands further signal conditioning of the impedance signal "^z" after the impedance 
determination module 304. The enable signal is generated upon command by a user of the 
system 300 or automatically. Once the enable signal is cdmxnanded at module 306, other 
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si^ial processing activities witibin &e system 300 are enablecL The Comparator limit 
module 306 also determines whether cettsan threshold values of voltage and/or current are 
exceeded as relayed by the signal conditioning module 302» which reduces the possibility 
of &lse detection caused by transients. According to one embodiment df flie invention, 
S cunent should be greater than one amp, and voltage should 

When selected by tfaei conqsarator linut module 3M^^ 
308 provides a drive signal to a CMOS switch, or other switching technology known to 
tiiose sldlled in the art, wittiin module 310 so tibat ibc impedance "z" signal is transmitted to 
10 thederivative module 312. 

The derivative module 312 determines the time rate derivative of the signal **z". 
This time rate derivative signal dZ(t)/dt is used in further signal processing, according to 
the invmtion, for controlling the plication of electrosurgical energy to the tissue with 
IS time-dependency. One accqytable range ofderivative values, according to the invention, 
firom lOOQ/S, v^iich is very slow, to 10,0OOQ/S, vdiicfa is very fast However, the preferred 
derivative range useful wifli the invention is about 200-1000£2/S. 

FIGURE 12A illustrates logic signal processing circuitry 350, e.g., an EPLD, 
20 constructed according to the invention and which is preferably used in conjunction with 
impedance feedback system 300 of FIGURE 12. Circuit 350 assesses certain quantitative 
aspects of signals relating to the electrosurgical system by combinations of events and 
signal levels as shown. As illustrated, inputs to the circuit 350 include: the complete 
enable signal fiom the comparator lunitmodule 306 via signal line 127; voltage and cunrent 
25 signals firom the signal conditioning niodule 302 via signal lines 126' and 124'; impedance 
'^z'* firom the impedance determination module 304; and the time-rate derivative signal d 
Z(t)/dt firom. the derivative modide 312. Other signals not associated with the tissue effect, 
such as a "clock** signal to represent time, may also be input to the logic signal processing 
cncmt 350 to detennine or otherwise assess system perforniance 

30 

These signals are used to activate certain selective logic events. For example, if 
inq)edance. **z" exceeds a preselected range, any one of selected, outputs can be enabled, 
e.g., a visible source 352, an audible source 354, or a tactile "touch" source 356. Other 
warnings or indications can also be given. For example, in one embodiment, when the 
35 signal **z" is within its preferred and selected range, a green LED is illuminated at the 
visible source 352; and when "z" is outside the preselected range, a red LED is illiuninated. 
Further, the derivative signal dZ(t)/dt is especially helpfid, for exaniple, in signal 
processing applications as it eliminates certain impedance ofl&ets which can occur at the 
electrosurgical tool 102 and ground pad locations, as well as within various tissue types. 
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It is to be understood ^t the scope of the present invention encompasses 
electFOsurgical tools having constructions other than those specificaUy described herein. 
The present invention is potentially q>plicable to any electrosurgical device utilized in an 
5 impedance feedback electrosurgical system according to ihe invention in vMch 
dectoosargical energy is delivered through the device to tissue in contact with the device. 

What is claimed is: 
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L An impedance feedbadc electiosurgical system comprising: 

a surgical tool having mounted thereon at least one active electrode in 
communication tvith a power source for delivering electrosmgical ^ergy from a power 
5 ^urce to tissue; 

a remote ground pad» acting as a return electrode, fhe ground pad 
insulated fiom flie active dectrode and being adapted to receive the elecbdsurgical energy 
delivered fiom the active electrode tiuough the tissue; 

10 

an impedance measurement means, in circuit with the active electrode and the 
remote ground pad, for measuring the electrical inpedance of the tissue based upon the 
current and voltage in the tissue; and 

15 a power control means, in circuit with the power source and impedance 

measurement means, for regulating the electrosurgical energy delivered to the tissue by the 
active electrode in refuse to a signal representative of impedance fiom the impedance 
measurement means.to maintain a measured tissue impedance within a preselected control 
range of tissue impedance. 

20 

2. The impedance feedback electrosurgical system of claim 1 wiierein the preselected 
control range of tissue impedance is within the operating range of 20-2000 ohms. 

3. The impedance feedback electrosurgical system of claim 1 wherein the power 
25 control means regulates the delivered electrosurgical energy by varying the current within 

the tissue and/or the voltage across the electrodes. 

. • • ■ '* 

4. The impedance feedback electrosurgical system of claim 1, further comprising 
activation means for selectively activating the electrosurgical energy deliveied through the 

30 active electrode to the tissue. 

5. The impedance feedback electrosurgical system of claim 1 i^erem the surgical tool 
iis an electrosurgical cutting device • 



35 6. The impedance feedback electrosurgical system of claim 1 wherein the surgical tool 
is an electrosurgical clip applying device . 
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7. The impedance feedback systcin of claim 1, further comprisiiig acoustical warning 
means for informing the user that die measured tissue inqpedance is outside of the 
preselected control range of tissue impedance. 

5 8. The impedance feedback qrstem of claim 7; vdierein the a^^ 

alerts a user tbat the measured tissue inq)edance is outside of the preselected control range 
of tissue impedance* 

9. The impedance feedback system of claim 1, further comprising CPU means for 
10 controllmgatleastoheoftheunpedancemeasl^ementme^ 

10. The unpedance feedback system of clafan 1 wherein the impedance measurement 
means furOier comprises voltage monitor means for detemining voltage between the active 
and return electrodes. 

15 

11. The impedance feedback system of claim 10, further comprising signal conditioning 
means for conditioning the voltage and the current vrfierdii &e voltage and current aie 
available as time-averaged electrical signals. 

20 12. The impedance feedback system of claim 1 1 whwein the impedance measurement 
means determines tissue impedance fix>m the time-averaged electrical sigiials. 

13. The impedance feedback system of claim 1 1, further comprising comparator limit 
means connected to the unpedance measurement means, for determming whether^ the 

25 voltage and curreht are within predetennined 

14. The impedance feedback system of claim 1 wherein the impedance measurement 
means further comprises current monitor means for determming current within said tissue. 

30 1 5. The impedance feedback system of claim 1 wherein said impedance monitor means 
further comprises time-derivative means, the time-derivative means being arranged to 
provide a tiine-rate derivative sigiial of tibe tissue impedance. 

16. The unpedance feedback system of claim IS, furOier comprismg sdgnal processiiig 
35 means, connected to receive at least one of 0) the time-rate derivative sigoal, (li) the signal 
riepresentative of impedance, (iii) a signal indicative of voltage, and (iv) a signal indicative 
of current, for processing received signals and activating at least one selected visual, sound 
and tactile logic device. 
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17. The hnpedance feedbadc system of claim 16 v4ierein said signal processing means 
further comprises clock means for generatinig a clock signal vsiierein the clodk sigqal is 
processed ivifh other rec^ved signals to activate the selected logic device. 

.5 " * 

18. A method for controlling electrosurgical energy applied to tissue, comprising: 
providing an electrosurgical tool having a tissue contacting, tissue affecting active 

electrode in electrical communicadon Mdth a power source and a remote tissue contacting 
ground pad serving as a return electrode; 
10 delivering electrosurgical energy through the active electrode at a sufiScient 

magnitude to afiect the tissue; 

communicating the electrosurgical energy applied to tissue through the return 
electrode to an impedance measuring device; 

determining the impedance of the tissue firom the voltage across the active electrode 
15 and the remote ground pad and firom the current through the tissue; 

commimicating a signal representative of tissue impedance to a power coiitrbl unit; 

and 

controlling the electrosurgical energy delivered through the active electrode based 
on the determined tissue impedance to maintain a detemoined tissue impedance within a 
20 preselected control range of tissue impedance. 

19. The method of claim 18 wherein the preselected control range of tissue impedance 
is in die range of 20 to 2000 Ohms. 

25 20. The metiiod of claim 18 wherem the step of controlling the electrosurgical energy 
comprises the step of vary ing the voltage across the electrodes. 

21. The method of claim 18, further comprising the step of determining at least one of 
the following properties of the system: (i) the time-rate derivative of the signal 
30 representative of impedance, (ii) the time-average of the voltage, (iii) the time-average of 
the current, (iv) the time-average of impedance, (v) current which exceeds a predetermined 
current threshold, and (vi) voltage which exceeds a predetermined voltage threshold. 

'22. The method of claim 21, further comprising die step of processing any of the 
35 properties selectively to evaluate electrosurgical effects in the tissue and activating at least 
one logic mdicator to indicate the evaluated effects. 

23. The method of claim 22 wherein the logic monitor generates a visible light, audible 
sound, or tactile sensation. . 
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